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ABSTRACT : 

PROBLEM TO BE SOLVED: To prevent an output waveform from 
being lost . 

SOLUTION: A delay locked loop DLL circuit is provided 
with a clock buffer, a 

phase comparator, a charge pump, a loop filter, a voltage 
controlled delay 

circuit and a fixed delay circuit. The voltage controlled 
delay circuit 

includes a current mirror circuit CTM and a delay stage 
DLS41. The delay stage 

DLS41 has clocked inverter circuits CIVl-CIVn, an inverter 
circuit IV41 and a 

buffer BF41. The inverter circuit IV41 is connected 
between clocked inverter 



circuits CIV2 and CIVS, and a delay cannot be controlled by- 
voltages of the 
control signals VINP, VINN. 
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(54) [5!M©**ii3 PLLiai&feir/DLLIiK 
(57) CSI<>] 

[IS®] Jli:^7i[?^*<?H^L=5rViPLL|l]g&*3j;l/DL 

CM^#S] DLLHISSti, ^07:?A'.x7rCB, 

^-LF, mE$lJfflH@lH]SSVDL. Il^aglHlSSDLS: 

SSCTM. jiSSDLSSr-ttJ. SgSDLSJi, 
•y^'hMyA'-^'EISSCIVl-CI Vn. Vvn'-:? 
HISSI V4 1 , >'N'y7r BF 4 l$:-S-tf. >f y>'<-:?(Hl 
SSIV4 1{i, i^D^y^^hMy/N'-^ESIC I V2i;C 
I V 3 i: iOStcSc^^n, SlJffllfi-^ V INF, V I N N 




^ Til 



1 

t . mtimmm i co^ y/^'-^llls&co^+a^cif a 

- h ¥X:f] y - K l,zmm^tif.:m i <?) p f-v ^^nw o s 
hyy'J:^i't. 

- hmtixtsy- }^i,z^m^ixfzm i oN-^-^^-ynvi 
oshyy-Jxi^t. 

mtmrny- h t HiriatH:>] y-vt coraicHaiem i (d p 
-r 7 yi^r? *^ ^> «ol;ff S- h tg{t ^Slg 2 (7) p f-^ 

;tVl/M O S b 7 y vX^ t Sr-^tf, W^JS 1 tfeiJ<7)P 

- V tfix^ y - h' izmm^ tit^m k^pi-^ ^-;hw o s 

hyy'JXi?t. 

~ hi^mix:hy- ]^izmm^tifzm i oNf-^^-znw 
osh^yi^xi^ii. 

f-A-^t-zuwo Shy yjx^ tm.mz^m^ti. Mia/u 

;r^;nvi 0 S b 7 y t Sr^tf . 1 tciE««OP 
LLEK, 

[i§«3S4 ] siriem i y^'^-mmi. 

- h i)^X:h y - H tfg^S titim 1 CO P f-^ :t-;nvi o s 
hyy^'y.iS'b. 

WMtbijy-i'bmi&y-}' bcomzmm^ti. 

- h*^'iirieA:'7/- viz^m^tifcm i owf-A-^^nvi 

HuiEmj^y' - K t ffisai:*] y - H t coia t fnan i co p 
f-v^-;nwo s h 7 y'Jy^^ tmmzm^^tL, mti)\^ 
-yy ^j]^^i)>(><7)mEiy-hi,z^ifm2cr>Pi-^ 

mitbiiy- H k mmmy -Ft me^ i n 

-ry -I /\^^i}^(>a)mEiy-hiZ^ifim2C0N^^r 
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:tvHVIOS Vyyi^y^^ti^ts. W^flHcfBSicOP 
LLHIK. 

- h *^'A:^3 /- H \,z^m^ti-rzW> 1 P t -v *ynw o s 
hyyjx^t, 

mi\i!,i]y-Ytm.>'-Yt<r)mzm.^fi. -eoy 

OS h^^xX:?!:, 

;p-7*7 -f )V^i)-'h<r>ms.iy-h\,z'S.\tim2<^n^ 
\yt-)VU0SVyy'Jx9t. 

-Ffc«ofat«gg$fL/^^^v>v^t^^tj, mmi 
tcfaijc7)PLLi5]ss. 

7-7 ^ ^zm.^ixtznmmmmmt stm^i. d 

20 LL[lIgS-fS>-5T, 

^<^^:h y - Yffi-mtMmmwv-ry -f ]v^i]^h 
(TiWzm tx^\t'thmm.<r>^ 1 y^^-m^ 
t . mmm<^f^ i y^-^-^mm'i'mzwx 

'e«7)til:'3y-Fc7)5EftmB#^A^ME;l— r7'f;l- 

^i}^i^<omEizmtxmti^^\'^m2<D^ yj^^-^m^ 

mm^-vbmEiiitiy-vt<7)mzmmti. ^coy 
30 - F *iA:>] y - F i,ztm^ titimK^Pf-^^^imos 

Yyyi/X^b. 

frieai:»]y-Ftfi^y-Ftc7)Ht®ig^ix. 

~\-ifm^Khy~Y\,zW^-^ttfz% 1 coN^A-^-yHW 
OS F^Vi^'Xr^fc, 

B5ia«j!iy -Ft ffiaaj^i y - f t oisc friEi^ i o p 
^A-^t-zuwos F7>'vx^'tii?iJW$^Sit. mia^i' 

-7-7 -< ;l^^'*>(i>c7)fl;ff 5:^'- F (cStt^m 20P^-v 
;t-yHVI0SF7>>''X:$'t^#tf, if^ecia^coD 
LLdlSS. 

40 [ff^^s ] Htfiem 1 WN'-^iHiifSfi, 
«?sy-FtB!ffaai:tiy-Ffc<7)[§ic«g?$it. -eoy 

- F *^'A^3 / - F tfii^$ fX/t^ 1 CO P ^-v ^^;nvi o s 

F^yvx^ft, 

fifaaj:»]y-Ft««iy-Ftcoiatgf^$a, -eoy 

- F *fH>iia A^J y-Y \.z^-^iitz^ 1 o N ^ A- ^^ynw 

OS F^yi^'XiJ't, 

WL^i) y - F t luiastfiy -Ft coiatBtiiem 1 w 
f-^ ;tvnw o s F 7 y i^'x t ii ft, Btfia;!' 

-7-7 -f ;l'^'*^A,<OBffi$:y- F(cSltl.SI20N^^ 

50 ^-)vmos,Vyyi>x^b-k-^Xs.m^i>\>zim<r>^ 



3 

mmmj - h t mw^-^] / - k t oh t Htri ais i n p 

-7-7 ^)V^tl^h<r>'mi^f-V^Z^\^h%2<riV^^ 

[tf*3S 1 0 ] friem 1 o^ y>^—?^mi. 
- h t^x-h y - K fi/cH 1 o p f-v ^vnvi o s 

mfBtti^'iy-Hfcfrie^y-Kfcorat. mtai^io 

)V-7'7 ■< )l'^^'^<omEiy-}'l,Z^I,fim2(DNi- 

-vt(7)mzmmtifz^^y<=^i^t^^ts. m^me 

t^lBScODLLHISS, 
[00 0 1] 

x/DLLmmzmti>. 

[00 02] 

lUmm] ±imt L-CfflV^<i>tl|,DRAM (/^ 

^ilT^TViStOO, ti!c^-7-f ^'oro-fe^x-t (MP 
U) cr,mi¥mzmm-tlZtifiT^^j:\\ Z^itzHb. 
D RAMor^'-fe;^^'^ Afe ^^/P^^f 

t *^ J: < W*>^i iSiiM P u OTtJ^oif eig 

i:UT:?n7^'fi-tt|5l^tTiilf^^SDRAM (i/ 
y^o-txDRAM) ^p'ffilg^iirt^l., 
[ 0 0 0 3 ] ffT F I'XX h o-7'<i-f-tj J:l^^JT F 

XX F a~rm^ t^^o ^mumm^izmm lt r f u 

xfi^^>J:lXA:'JT-^=5:fc'^llXa^•Cil{^$■a:Sl^!* 
ODRAMt^^'?, SDRAM(CfcV^T(i, 5'hgP*^^> 
^l(:>ixh i/Xf ^ ^' O y ^' t'ibS n -y ^' ft^oiJi 
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*i 0 X y =JX'T F VXX F o-7'fi^, r F b-Xft^fc 

7^'-lrX-ri,;ta^)t. vXri*^'D7:?fi-^tc|pIML-C 
jiML/::;t t i.tf8 h'-y FOiiMt'-y F ( 1 oOr-^- 

AHJ^'iSi^tov^T) tc;iaT^'-txtl.tt«*>m$ 
[0 0 04] zcDXoiz. yi-m^i^co^a-y^m^izm 

S:llff-ri.SDRAMOflJj±f{i, T Fl^Xft-^OX^f i 

10 - (^"f $y/o-rix) i^zxif-^xinti^miznt 
?>'7-=jyimmi!mm< . -f-i astm 

izktiK'^tni. mmr^-txis^-^ A^mm^tthz 

[00 0 5] i^OtfcO. MPUOSa-fbtCffVK 
Xf-A^f!(jOttSgOffl*>^^T t rtgPi? n -y 9m^(n% 

[00 06] ;o<J:^^SiltWLT. J'hgPA^'iO^n 
•y ^SftT -eo^ n 'y^m^^^zmmLtz^^-^ n 
•y^'ft-^^^'tl.DLL (r-fU-fo-yi^'Fyl^-r) 

mss^fflv 1*135^7 D -y ^mg&^Jisis s ^iT c ^ s , 

[00 07] DLLHISSJ^. fifflitlK^. ^^-^-'^^ 
^7-, ;>-7°7-f;l-^, «JEE$iJ«S®[IISS, HSSSIll 

nt^^^j:h 7 ^ - F^N'-y 9)V~rmtX'h o . -«oi 
sifjfflmissT'fci. . D L LiHi8so«*s<)fii^s#o a *> 

T>''^?yKllS&*»'^=5:l. t OtifiifflJtlSllO^^T'S) 0 , ^ 
30 ^-i'V.-Kyr. ;i^-r7'f;i':5'J3J;t/«jgE$iJfSfM®[il 

:J';Kl]ffi*><b^rSTx:J';PT'f L'-f o-y:? F/P-r (D 
DLL) Ott«tffilg§ixTV^|., 
[ 0 0 0 8 ] 0 1 0 {i, m£E$iJfflia@lllS80ffi^0-{?iJ 

s-s^tms&it'j) I. . nsmmmmi . ;^ y f s 
7-[i]a8CTMt. mm<r)^'0';9Y^yf-^-m^ 

CI Vi:$"i-tj. 
[0009] 

40 (CfcV^TJi. *W-yF$7-[HlSSCTM*>^>0$lJfflIft^ 
VINP. VINN(Cj;oTPf-A'^^;HVIOSF7>'i^" 

X Q p ii^N^ A- ^-;nvi o s F 7 y vx ^' Q N oy 
-X*»4. F l^'f >'tgSii£tf«a*^$'JIS$nS . -eo/c 
a6, #^'o.y^'F^yA'-^iiiKoai:>]^}e*m. « 

A:'j?ii^ci'hSI5:5'n-y^'fi^ECLKO^feJ^{i, 
/-YAX'milCTjk^titzXoiz^j:^, ^hl,z. Z 

mmzx-h^it. ^<r>^-nx'hh y-YB(r>w&\t. E 
\\\z5r.^fihi.o\,z^h^zmh, iOi^CLT, 

50 l^goai:ftT3iSl*l3P^'0>y^'fi-^i nt. CLKO& 
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m-otzt^izmz^, 

[0010) liLhtoj: 0 zcr)Xo^j:ms.mmmmm 
mm^ikx:hmmmti^mh. mz. ^ 

Xi]^iXhh^u y9Y^ WN'-^mS&OJli^lA^'^oT 10 

(00 11] =5rfc. WiOPalSJi:, PLLEIS&tov^T 

fmiWSi-fhfzisbi.ztc^ix-tzi.ffyX'. ^cr>^m\i. tU 
L^: V ^ P L L HlKtJ J: i^D L L mSSSr titt 

[00 12] 

[^ffl5r^^-ri.fc*^«7)#S] c:co^BH«7)lO(7)^ffl(c 

^'itzPi.i.mmt.mm^h.mMm^zm. 20 
ivi'{zmm^ixtznmmm^hi:^th, mmm 

«i, a^S^^lO'f yA'-^msSi:, Sl2co^yyN'- 

mmm 1 c7)>f >^<-^m^(m'i>mz^x-^ti. 
fEl:T^fl:L^v>, 30 

[00 1 3] iiaPLLlHlKtfcv^Tti. ;l^-7°7-f;U 

^'■i}-^h<^mmzi: ^umoitzisbm 1 co-r w<-^'iiisso 
^^mmtmh, z<r)mr>fzmmi}^<x'^cr>mi<r)^ 
-^mmzx-h'^ix^ ^t.i.zm.-^tzwehx.x^-h'^it 
I, ii}-b. z<r)m-ofzmii. mm<r)^i<r>^ y^^ 
-mn<^m*mz^x^ixtzm2<^^ yj^-^^mz 

[00 14] JJ^L<li, ±i£lll<7)'f y>'<-:5'llIS& 
«i, mcOP^A-^^/PMOS h^yi^'X^-i:, SglcON 40 

^, ll2<7)Pf-v:=t^;nvios v^yi^'x:?^, 

K t tii:'3 y - H t 1 (7) P f-V ^^/HW O S h 7 y 

y-hiz^ifh. 50 
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[00 1 5] ±i5PLL(Iimci5l'^T{4. ;l/-7-7-f;P 
^' ^) COIE t i -7 T H 2 P ^ + ^^;l/M O S h 5 y i^' 

y.^<r>v-7^t^h YVA y\,zmiTkti%WfWm^ii 
z.<r)tz^%\<n^y^^-■9m!(r>'^i{hm&^mh, 
z.(r,^->tzm>tr'-'m.<n%\(r>^ y><^-9mmzx-y)^ 
it. '^h\,z^'>fzWetLX^-h'^fih. L*^L, ^(r> 

^'>fzmmi. mB.<m\<^^ y)^-'9mi(m^m 
\.z^x^fd-z%2(^^ y)<>-9mmz^'^xm&^ti 

[ 0 0 1 6 ] L< fi. ±ie^ 1 <r>^ y^^—^m, 
{4, ^i<7)P^^A-)vy[osvyyvx^iL. w,im 
i'->T^^)mosvvy'Jx9t, w.2<r>n^^A-)ViA0 

S VyyJX-S't^^ts. SlcOPf-v^^yPMOS h7 

y'jx^\^. %m>>-Yt\i!,-hy-Yb(m\.z^^ 
ii. ^(r>y-vifixi^J-Y\,ztm^tih. sioNf- 

I.. ^2c7)N^•\'^^;^MOS^7yv:^^'{4. iii:>3y- 
h' t - h' i: cora tss 1 £7)N f-r ^vnM o s h ^ y 

[00 1 7] ±ISPLL|l]mcfeV^T{4. ;P-7-7-f;P 
:?A»^)<7)mfficJ;-oT^20N^-\'^>;HV10 s h^yv 
X9<r>v-x - Yv^ymzmihrnWi^um^fih, 
:i<r)fzihmi<^^y^^-'^mii(o^-nw^i}mh. zco 
mr>fzmmii^d:m(r>m i co-^ y^'^-^mmzx^^ti. 
^i^iz^-^tzmttxtati^ti^. t*>t, c:«o§ifi-5 

?t;jSJ^{4. ISHcSc^SSliO-f yA'-^mg&co^+aicj? 
A$it/::ll2c7)>f yA--^IIlKCJ;oTS?B$ni., L 

[ 0 0 1 8 ] »i L< {4. ±iEm 1 yvN'-^ms^ 

{4, IllOPf-v^^yHWOSh^yvX:?^ , SglON 

^■\';tvnwosh7yx;<:J't. S2<op^^;t^;nvio 
S\-7yi/X9b. ^2W^^A-')m0SVyy'Jx 
^bi-ttJ, mic^P^-v:t-;HVIOSN7yi^'A:5'{4, 

*^'A:'jy-HtcScig$ixl>. ®l<7)N^^:t-;HVI0Sh 

fcoy-h*5A:>]y-HtcSM$ixl.. SI2<7)P^ 
^^tvnwosb^yvx^'Ji:. Sii/-h'ttii^jy-H 
tco^icmiop-fA-^^/nwos s^yxx^S'tB^jt 

So Sg2<7)N^-v^>;nviosh5yvX^'Ji:, 

F t ^y - K <7)^tcm 1 <0N ^-v ^^ynw o s h 7 y 

[0019] ±iep L v.^mzm^x\i. iv-yy ^ju 

^i}^l^cr)mEI,zX'oXm2<DP^^:^-)mOShyy>' 
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m''-m.<n% 1 yj'^-^^mzXh^ii. $ ^>t;#E 

[0 0 20] »^L<«S, iie^lfTJ'f WN'-^J^ES^ 10 

^^r^>Vy[OSVyyi>X-?t, l|2<?)N^-v^vHVI0 
SVy y'J:^-S>h.^ ^-^f^i^S't^'tts. m^OP^-v 
:^^;HVI0S N5>-i^'X:?(i. l:^!iy-^'tai:^3/-^•i: 
(^mzm.-^ix. ^(r>y-VifiX-f]y-Y^zW^^iX 

-KtSS^^flSo l?2c7)Nf-v:t-;HVI0Sh7>i^'X 

^'(±. }^-)i/-YtWliy-Yt<r)mz. mi(7)Nf-^ 
;t-;HVlOS h7>'>''x^'i:M?iJt::^ig$ii, ;t^-r7 20 

<7) N ^ A' ^^;nvi O S h 5 > i/;^ ^' i; tftfiy - K t ^7)^ t 
[002 1 ] ±iBPLL(iig5ti3v^T(i, )V~ry^)V 

;^:5'coy-x • v\yiyTii\,z^dih%^mm^tih> 
:icr>fz)^W.i<7)^ y^<'-9m^(D^-hm^timh. cio 
#6o^>;S[J^*5<j:g<7)^ic7)>f yj^-9^mzx-n^ix. 

^^gco^ic7)^y^N'-^'[iIS&<7)»tfgtcffl 30 
X^1XtzW.2<r)^yj^-9mmzii-^X^^tii,. L 

[0022] :i(r>mA<r>i, o i o<7)^ffitts!o!tD l l 

mm, fifflius^i:, mm.mzmmixtziv-r 

{i. ^SSomii^'fy^N'-rJ'lllS&t, l?2m>^N'- 
^iHlSSfc^^O. mi!&(ri^l<r)^yj^-9mmi. i 
<n^1^ y- Kco3iEScl;B#ig7&^;u-7'7 ^ )V-9t^t3ff)WS. 40 

tKfc^Mb-rs. m20'f yj^-'^mmi. mmm 
miff)^ yy'^-i>m<Dm'pmznx^ix. ^<^\^-h/ 
- Y<r)imm^ti^>v-ry ^ )V9t^(^<7>%mzm tx 

[0 0 23] ±IBDLLlH]mcfc^^T{±, yt—r^-f;!^ 
^■^WBifim. :i(r)¥i'itzmmif<m(r>^ 1 0'f WN- 

-:5'[HlSS<:0^+KtifA^il/::SI2«?D-f y>'^'-^'[HIm:: 50 
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[ 0 0 2 4 ] L< {±, ±fEm 1 <r>^ y^^-m^ 
lli<7)Pf-Y^^;nviosh5y>''x:5'fc. mi<r>n 

SVyy=JX9b^:-^t^. |gl<7)P^^:tVl/M0Sh7 

y=jxm. mMJ-Yb\i!,-)]j-Yb<mt.zm,^ 
ti. ^<r)Y-vifix-n>^-v\,zmm.^fih. mi<r>n^ 
\:^^jVuosvyy=Jx9\i. {ti^jy-Kts^y-H 
b<n>mz'^m,^ti. ^<7)y-vi:^xi]y-Yf<zm,^ti 
^2^p^^^^)vy[oshyy=Jx9i.i. nmy- 
K i: y - K i: ioiatcm 1 <^ p A' :tvnvi o s h 7 y 
i^x9bm.mzm-^^fi. jv-yy >!)V9ii^ih,<7im£^ 

[0025] ±ieD L \.mmzio\^xkt. )V~ry < ;^ 

9t^t:>(^mmzi.->X^2(r)P^\^^)VyiOSVyyi^ 

x^w-x ■ Y-v^ ymzmih%rkmm^iih , 
:L(r>tz^%\<r>^y)<^-9mn(^'i£,-y]imi^m.h. z<7) 

m'orzmii^<X'^<7)m i c7)-f wN-^'nimcA^'j^n, 

^ciSJ^Ji, «itSi7)lgi£^-^yA-;?liISS(03i*St*f 
A§iif>:ll2<7)>fyK-^'|i|SS{cJ;-,TSje§til.. I 

Zbm\-\ 

[ 0 0 2 6 ] if t L< {i. am 1 yA'-^j'iiiss 
(i, ^i<r)Pi-^:^^iUM0Shyy>'x9b. hkon 

ix, f<?)y-h*^'A^jy-Fttg^§iis. 
^^^imoshyyi^x9\i. iii^iy-Htstfiy-K 
-ec^y-b*^A:^iy-Kt«^?fL 
I.. ll20N^-v^^;nviosh7yi'':^:5'(i. tU::»jy- 
H t Scifiy - F i: <7)S <^ N f-^ ^VHW O S h ^ y 

y-hiz^if^. 

[0027] ±iBD L L[l]ISlCfc\,^T(i. >\^-ry 't )V 
:5'*^f>«0mEtCi-5-cm2£7)N^-V^VHVIO S h^yx 

X9W-X ■ Hw^ y^\,zWxl,%m^um^ti^ . 
Z(^fzi^m 1 <r)-( yj-<-9m^(r)tii:fj^mm^. 
m-:>fzmfWd:R(^f^ 1 co-f yy<-i?mmzX:^$tL. 

t^iz^^rzmbtxtaij^ix^. io#6o 

^oiSJ^ti, 1S^a«0^ 1 yA'-^EKcoii+Stif 
A$a/t^2<^'f yv-N'-^lHimcioTgje^ii.?.. L 

Zbl,t^j:\\ 

[0 0 28] »*L<{i, lie^li^'f yA-^-lplSS 
{i. lllOPf-v;t^;HVIOSF7yi'*>^^'i:s f^lcON 

^■^:^^)moshyy'Jxi>b. ^2<r>P'f-^^^fmo 

Shyy^JXi^b. f^2cr)N^^^^)moShyy'Jx 
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t <opa (CIS 1 o p f - ^ :tvhv[ o s h 7 y x';^ rS' fc ^mz 

|g2<7)N^-\':t^;nviosb7yxX:5'Ji, ai:*]/- 
K fcfi^tfiy- K t co^tm 1 CON ^ A- ^^;nvio s b 5 > 

y-h^z^lfl. 

[0 0 2 9] ±teDLL[I]mci5V^T{±, JU-ry -I 
^> c7)®I t J: Tig 2 £7) P f-^ ^-;HVI O S h 7 > 
XrJ'fc J;tX||2i:0N^Y^^;HWO S h 5 y vx^^oy- 

]iu-( ymizm-^m^trnm^tih, z(7)fz)^m 
t^d:mff)m 1 co^ yj-^-i^mmzxij^ti. $ <>ic#fio 

2<r>^ y.'^^^mmzX'^xmm^tii, itc^^-ox. 

[ 0 0 3 0 ] L < «i, ±IEm 1 <7)^ WN'-^HIiS 
{i, ISl<50Pf-^:t^/HVlOS h^yvX^'i:, HI CON 
•f^-:^^)l'MOS hy y=JXi^i:, |g2<0Nf-Y^VHVIO 

;t-;nw o s h 7 > i^'x ^ (i . - H i: tb^j y - H fc 
|gic7)N^-v:^vnvios h^yi^'x^'ji. ai:>]y- 

-KtCit^§itS, ®2ONf-v^^;HVI0Sh7>'>''X 

;t-;HViOSh7>'>''x^'i:M5iJ(c:^$ii, ;u-7°7^ 
(i>comE5:i-'-M'S(t I. . ^^A'vrJ'tt, 112 
(50 N ^ A' ^VHW O S h 7 y i^'X ^' t gftife / - K t £7) ^ t 

[00 3 1] iMiD LLmmizm^xit, jv-ry4)v 

^'3!)»4>«omJEl-J: oTSl2ONf-v^VHVI0 S h 7 yy 

X:J'(7)y-x • Yv^ymzWdihnM.mm^ixh. 

A$it:^.:H20^yA--^|Di!SCJ:oTSJB§^tl.. L 
[00 3 2] 
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1 0 

[0033] [||)ig<7)je® 1 ] II 1 (4. iC7)^HB(7)^ 

O}^® He J: !> D L L[IISSi7)^«:<i^Sr*-r^u 7 m 
X'hh. lllSr#ML.T. DLL[11S&{±. ^Uy^)<>-; 

t , )v-ry ^ji^LFb. mKummMmm d l 

[0034] ^'n>y:7>'N'77rCB«4, 
■^ext. CLKS:A'>y7r'Jy^L.T^D-/^ft^E 
10 CLKi:LTaj:>]-tS. fitaJt^^FCPJi:, i?o-7^ 
fl-f-E C L K t HggglllSSD L3&»/i>cr)^' O -/ ^ft-^R 

fi-^/up, D0WN5:i±i:>itl.« f-r-y-i^yrcp 
(4, s'jfflifi-t/up, DowN(cfet/i«ESrai^i-r 

I.. ;l^-7°7^;P^LF(i:, f--v-i^';Kyr3^)>^>coai:'3 

«ffi&wbUT*JiJPfi-fvco I Nt LTmE$ij»® 
sms&vDLtm-ri., «E$ijffla5siaiKvDL(4, 

^D-y^ft^ECLKI:$lJ»ft^VCO I Nt;jCt;t* 
!t'{ta®$-ti:TrtgP^'n-y:7ft-ti nt. CLKtLT 

t. CLK5rBf^B#raaS§-tJ:ri?0-y^'ft#RCLK 

[0035] m2it. miiiz^^^titzmiim^Fcp 
<^mm^-t:ru-;9mx'hh. m2^m^Lx. 

it^FCPJi, •^WN'-rJ'lllKlVl-I VSt, N 
AND[lIKNDl-ND9tl:-^tf. ::<0f4fflJtlS#sF 

E C L Kcr){4fflJ: D i>3i^T'l'>l) fc H K;P(7)$lJfflIfi 
^/UP, DOWN*>'aJ:'l§iX, rJ'D.y^fi-^RCLK 

30 io{affl*5^'n-y^ft^ECLKo(afficfcotjan-cv^i, 

i:l'Lk'<./I/C7)$iJ1JPfi^/UP, DOWN*itti^J§^i 
!>. ^PyiJ'fi-^RCLK, E C LKc7){4ffi*^-irfl. 

z.(D^^-'mfi\,z. DLhmw^ 

[0 0 36] 03(4, muzTTs^ixtz'i-^-'y-r^yrc 
piik^)v-ry '(ivi'hF(^m'^t:7T^tmx'hh. m 
3lr#raLT, ^A—x^^-yrcpti, i;igy-HVc 

c fc ^fiy - K G N D t KtzF'f-^ 

^^)VUOShyy'Jx9QiP3 lti<^:l/N^-^:^^;^MO 
40 sh7>>''x^'QN3 1 i:asy-h'vc ctpf-v 

:t^;HWOS h7>'i^'X:J'QP3 1 tO^t^gJ^g^itf^^ 
maSjUIli:, N^^^^;l/MOS h7>'j^'X^'QN3 1 
t «Jf!iy- F G N D h (OPBllCgfggSfLf^^cSiH I 2 
Sr^tf. Pf-^^yHViOSF7yi''x^'QP3 H4, $(J 
ffllfi-f/UPSry-hlC^ftl.. N-fA-^^^HWOSh^ 
y>''X^'QN3 1{4, SlJfflfi-fDOWNS-^r'-blcg(t 

)V-ry i)V^hF\i.. y-HN3 1 ts^y-H 

GND i:<7)0ttt^J(Cjg^$tl.7t«tn;R 3 1 aXX/^M 
50 [0 0 37] ^^-x>^yrCP{i:, laffll^aifiFC 



(7) 

1 1 

tzmmmmm^^ c o i n t ^ i, . 
[oo38]ia4{i,iii \,z^^^ixrzns.wm%m^ 

[00 3 9] ;<?Wyh55-|HlS&CTM{i. Pf-A-^t^^P 
MOS h7>'>''X:?PT4 1 , PT4 2i:. N^-v^^-;!^ 
MOS h5>->''X^NT4 1 , NT4 2i;, ffit]i;R4 1 
fcSr-^tf, Pf-v:t-;HVlOS h7>'>'';?.:?PT4 1 1 N 
;^;HV1 0 S h 5 >'>'';^ :J' N T 4 1 (OfflS^g^y - K 
<Olff*^SIJffllfI-^ V INPtLT. Pf-^ ^-ynvi O S h 

T 4 2 c7)ffl5:tgggy - b'c7)fl;E*>$iJfflHl-f V i n n t L 
x^ii^'timmmLs^mi^^tih. 20 

[004 0] aSSDLSJi. nK<0^'n-y^'hM y^-N' 

-^'igg&civi-ci vnt, -^yj^—^^SiivA 

It. ^N'-y7r BF4 It Srirtf. ^'n -y:? >-^n'- 
^-HISSC I V i ( i = 1 - n ) (i. P^-v^-;HVIO S h 
7>'vX5'PT4 3, PT44t, Nf-v^-;HVIOS h 
7yvX:J'NT4 3. NT4 4tS:-S-0. Pf-^^t^/HVI 
0Sh7>'v;^:?PT44, PT4 3t3j:y^Nf-v:^-;l/ 
M0Sh7>->''X^'NT4 3, NT4 4(i. miiy-H 
VcctSSfcy-KGNDt <7)rata?^J tSfig^il'?. . 
Pf-VJt-;HVIOS h-7>'>''X^'PT4 3fcJ;t/Nf-^:^- 30 
;HVI0Sh7>'>'';^^'NT4 3ti. ji^iT)-^ WN'-^'El 
S&Srffifiic-r-i.. P^-v^-;HVIOSb7y>'';^:5'PT44 
{i. 0lfflIfi#VI NP^^r'-btC^ttl.. N^A-^-ZHVI 
OSh5>->''X^'NT4 4«±, $IJWi-^VINN$-y- 
htSftl.. WN'-:5'[IlSSIV4 1{i. 2Sic7)^'a 
7 y^N'-^'EKC I V 2 1 3aS<7)^'a 7 
yA-^HIigc I V3t<7)^tC«^$il, 2&.^<r>9u 

-y h'-f wN'-^'EKc I V 2«oai^iy- KN4 1 

ESrRfeLT 3Satf9:7D 7 ^ H-f WN'-^-ESSC I V 
3<7)A^J/-b'N4 2^l±5:>3tl). ^'n7^'fi^ECL 40 
K*<l5]S^i? o 7 ^ H ^ WN'-:? HIJSC I V 1 ^A:'] § 

■oxm.m^ixx^®9u-v9mmnt . cLKtL-c 

[004 1] '7u-/9m^RChYi(r>&Mif9u-y9m 
C L KcOfiffl J: t) tSilTV^I. t # Wi$ijffllfi-^V 
C O I NC0«E*^1« < ^ 0 , ClfLtffo TSlJiWft^V I 
N P<7)«ffi{i(S< . $iJffll«-§-V I NN<7)miE(i«< ^: 
l>. CfltJ:'?. P^^rA^)V}AOSVyy=JX^PTA 
4fcJ:tXNf-^;t^;HVIOS h5y>'*X:J'NT44«^< 50 
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1 2 

^'07^' hMyvN'-^llISSC I vi-ci 
Vnc7)ji@S*</jN§<^S. 
[0 04 2] :?n7:?fi^RCLK(:0{affiAi?n7;?ti 

•f E c L K £7){affi J: 0 1 a^■c'v^l. t # wi$iifflitt-tv 

CO I Nc;)mBE*<ffi< ^SrO. >Iix{cff-5T®lffllfi-tV I 
NPtomE{iS< . ^Jfflifi^v I NNcomE{±ffi<^ 
diXlCiO. Pf-r^^;HMOS h7>'x;^^'PT4 

4 *3 it/N ^-V ^-/HW 0 S h 5 y N T 4 4 (iS§< 
Jl-yt^O. ?n7:?hMyA'-^'[iissci vi-ci 

[0043] C:c7)mE$iJffllS@lHlSSVD L*^ 0 1 Ot 

-^j'nis&i V4 1 iB.mzj^x'hh. ^yf^-9mi 

V41(i, ^'0 7:7F-^:x^N'-;5'iniS&CIVl-CIV 
nt^^rO, SiJffllfi-^VINP, VINNcomEt=J:o 

(^ti!i:fjW.mii^ yj^-i^m i V4 1/\c7)A:>3SJ^J: 0 

[0044] ClfLtoV^T, 115 &#BgLooiJiHg-t 
1.. SIWfl^VINP, VI NNlCioTPf-Y^t^yHVI 

05 h7y>'';^^'PT44fcJ:i/Nf-v^-;nvios h7 

>-i^'X:J' N T4 4 iOV -X*^/^ H U-^ y{=85itjitf«SE 
*«5iXl.. ^ntiib. i'xii-y^V^yj^-^m^c 

I V 1 - c ivn<7)tii:h&mtmh. mm. ffigco^' 

D7 ^' y^N'-^BS&C I V 1 izxii^titz^m^a 
C I V2c7)tll^jy-KT'fcl.y-h'N4 IT'tiHStS^ 

Wzioizm^. 

[0 04 5] Lf}^L. y-\^N4 lX'(m':-fzW.mii. 

-^ws'-^-ms&i V4 ii,zX':>xm^ti. 

^"^V^MJ^t LT y- KN4 2{c|±J^)Sfll> , 
[0 04 6] C:c0j;.5tc>f yyN--:?[i|Jgi V4 
^ilS/ty). g$^W^rtgP^'0 7i?it^i nt. CLK 

[0047] ^fc, ZZX-ii. -O-A'-^^HISSI V41 
2r 2 laacT) D -y :7 F ^ WN--^' mssc I V 2 1 3SS 
co^' n 7 ^ hM WN'- ^HlJgC I V 3 1 coHlC^ttJt 

lS@c7)^07:?hMyA-:J'lllSSCIVlt2ia 
g(7)^'D7^' hMV'A-rJ'lHlKC I V2ki0lS;!)»^> (n 
-l)gg<?)^'0 7^'H-f>'A'-:5'[IIggCIV (n- 
1 ) i:nSa«0^D7:?K'f yA'-^mSSC I VntcO 

T-<og3i^®Hif{;:|£ttl. ztm-^h. 

[0048] ^^c. ^y^<-i?miy4it:mm^ 
izmifhz tiiX'^^. ztuzx'o. ?4>tcS!)«wtrt 

SS^ n 7 ^ fi-^ i n t . C L KcO^^JgiOffiJi^KCC: t 

[0049] mioj: a tc, z<r>^m<omm Itc J: l. D 

LLSSSti, ^ WN-^iHiss I V4 1 5riS(tJt;t46, 



1 3 

S^'n-y^fi-^i nt. CLKCDm^imm<'Zk 

c 0 0 5 0 ] [ mmmm i (ni^mm ] hjsojs® 1 1 

.tSDLLHSST'Ji:, ^'hgS^'o-y:7f|-^ext. CLK 
t|5lfiffl<7)rtg5:?ay^M^i nt. CLK*<^SLT 
fff>ns. ::ODLLlHl8S$ri*lgI5^D-/^'^lHlKtL 

XSDRhWzmmtiZtiin'th. lilTs SDR A 
[005 1] S D R AMiiV^Tti. ^SETT ^J'-bX'tl. 

:>]S^DQ0-DQ7<7)8t'-y hOT-:J' hr- 
^) 0A:^]fcil^ttl^i*^'^lg=5rSDRAM(ciDViT. S 
iB!LT8t'7NcOT-:? ( 8 x SO-g-fte 4 h'-y h ) S: 

iXhr—9<r>\L-yVmiJ-^-XV^bmifi. SDRA 
[00 5 2] Il6t;^-rj;dt. SDRAMUfcV^T 

{i, y'cfcx.^f^-xrA^'o•y^'■c•^)l.^'l•a5:7^.y^'^t■^ 

e X t . C hK<r)±±jfi 0 X -y vT-?l-g|5*^^>O0J^ft^ 

(o':7rH^;^xhu-7"<t-t/RAS. 3 7Arh'^ 

XXVa-ym^/CAS, rFW-Xft-^ADD^Srif) 

xfc^ijT F vxm^yhifn^mmz^m.i\L^tixH-x. 

hixh. D'^THVX;^hD-7'm^/RAS*<, 
•y ^' L K oi:±** 0 X -y ->-tcfe V vStt«® L 
U-^^WC^irWf ^ cor K ^Xit# A D D*%r V 

vxm^y^bLxMTktixh. 

[00 5 3] ayATYVXIXhu-Zfm^/ 
CAS*i^'Pyi5'(i-fCLK c7)iJb*^' 0 X -y i^t V -^T 
'<^'mM(r)l.VKMZhiX\f^(r)t # COT H l-Xfi^A 

DDifinrYvxYtLximtfih, ^mshtfitz 

fifr F U-;^fi^X afe J: V^njT F bXft-tY btcfif 
S D R AM|*itfcV^Tff*5 J:t;^?iJ<:0StRilf^*^'IIM$il 
^. 0'>rFWXXFn-ym-^/RAS*^L^'<;WC 

i:W-?TA»^>mSco:J'D y^'MS (Hetcfcv^TJie 
^'D.y^'Hf-f ^'/P) *^-igaiL/ct*. ft^c08h'-yFr- 

^zm^LXr—!ftl^^-)]^tih, mM^f,zii\-^X 
hh. :?D•y:?fi-f■CLKcoi^:±*f5x.y>-'^^fc^,^Tr^ 

-:f)vm/'NEiftuzm'mm.<r>LV'<.)vx'hix 

\i. n7YVxm^\difmht1Xhiibij\,Z. ^<r>t 
# lizH-t (oixX\'^tzr--i' d 0 ifiWc^<nWkr—9 1 L 
■cm^ni., c:cofi-^/RASfcJ;lf/CAS<7)±T 
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1 4 

tf^'oizm^ix. sDRAMp^mzii\-^xi,r€tiXx/^\ 

Mmri¥i}<m^tll. ^'O y^'ft-tCLKtC|«I«aLT 

[0054] [Hiiiioje® 1 ffi^mmi ma t^^ixit 
mizthx'^i,. 

[00 5 5] mii^mix, z(7)mmii. 

10 i:, >'N' y7r BF4 1 fcSr^tf, >f WN'-^J'^n y^'D 
Bi ( i = l-n) {i. 'fW^'-:5'I51S§IV7 1i:, N 
f-\'^>;HW0SF7Xx;<^'NT7 1 ^Y^NV:J'C 
7 1i:?r-i-tJ. Nf-v^tvUWOS F7yv;^:5'NT7 1 

axx/^^^-^i^^ci -^yA-^isijgi V7 1« 
ai:'3y-Ffcigfl!iy-FGNDt coraiciijij 

I.. Nf-^^-;HWOSF5>'>''X:5'NT7 Ki. $fjffllf| 
■tVI NN5ri^'-h(wg(tl.« >->'N'-:5'7'D-y:5'DB 
i (ciJv^TJi. SfJfflifi-f-v I NNtc+^{iS:-^x.T-f 
yys'-^' I V 7 1 (?) F W-^ y^MfflSr^-ft? •li-T'f Wn' 

20 I V7 1 c7)ai:^/- Fco3t»cfl:B#ra. -r^t)*))!® 
[0 0 56] yj<-^yu DB i(,z}D\^xi,i. m 

4 {C^ $it/i ^' n 7 7 F y>'N'- HISICI V i t |5l« 

il^Scoai:»jT'3i«.rtSP^'n-y^'fi-f-i nt. 

[0057] -^ZX'. m4l,Zifk^tllC0bmMI,Z^ 
j<.-i>zru .y 7 D B i <7)ji4j{c FW-f y^4$r^{bS-ti: 

30 ^r^w yA'-^-mss I V4 1 ■iim'm.mmi^^^h. 

[0058] Z.tl\,Zk 0 , %1^<r>mm 1 tCfc{ta«Oi:pl 

[siiiojeffi2] [i8Ji, z<r>%m(nmm<Dim2\zx 
hP]^]^m^(^wmm:^-t-fx3'v^mx'hi. ms 

ffifflltSfS F C P i: . v;K>'rC P t . )V-ry 
^/UllfLFt. «E$iJffli^ii^vcoi:. H^aSlHlSS 
DLb^mi^. ^a-y^'^N'-y7rCB, fifflifcl^F 
CP. ^-v-x-'KyrcP, ;P-r7 -< yl^^- L F , fcj; 
40 l/lI^®IIlS8DL{i. lait^^SiiJtcotPim'J) 

[ 0 0 5 9 ] I19{i. ia8{C^§ilf^SJISiJf»l6S^V 
COc7)ffi^5:^-f/D-yi?0f$)S, I19S:#,^.LT, 

b. Oyy^i^U-ffROSb^-^ts. ijuyy-^y- 
11185CTM(i, m4i,Z7r.^titznbmmX'hh, ^)y^ 
7^v^'-:5'ROS{i, nWi^'Ov^Y-iyi^-^Wk 
CIVl-CIVni:. >'A-:J'11ISSI V4 it. A' 
•y 7 r B F 4 1 i: ^ -^tf . 04 \z^^^ixrz%mm^ 
50 [3SDLS4 1 fcM^rO, >'<-y7rBF4 lOJt^J, 1" 



1 5 

^i?*)F*]gK^D.y^fi-f-i nt. CLKA^^'D-y^'hM 

[0060] zcDmEmm^m^vcoiK mk<r>ms. 

lS:IS(tJt^f$)l.. ^yvN'-^J'llISSI V4 Ki. urn 

fi^v I NP , VI NNcomKizx-oxmrnti^Mm 

A'-^'iniKi V4 l'\OA:^]«Jje<J:0t>S_h*5 0Bt^, 
^rl.. Uc^JoT. g$l«^rl*ia?^'o-yi!'«^i nt. 
Tii. y>'N'-:J'|ll|f§IV4 l?:2ggO^'o-y^'hM 

^N'-rJ'HIS&C I V 1 1 2S@<7)^'n.yi? 

S&C I V2i:^7)S*^^5 (n-1) SS<50i?n-y ^ H-f y 

^'N'-^'HISSC I V (n-l ) tnggiO^'D-y^'hMy 

vN'-^mSSC I V n tora*T<7)ft)i^rii0t(::fS(tSC 
[006 1] tfz. ^yvN'-rJ'llIS&I V4 iS-SScgfFJr 

ici&iti.rt tri'i., ^iitcj;'?. (^izm^mzffi 

gE:7o y ^'ft^ int. C L Kff)'mcr)fmi:m<'Ci t 

[0062] iy±<7)J: 0 (c. ^<7)j|i|<7)Jg®2 1 J; S P 
L LHSSJi, WN'-^-IelK I V4 1 t:B.mztzib. f*l 

gu:? o -y ^'ft-^ i n t . c L Y.<nmm<r)mmm<'z t 

[00 6 3] ^fc, m9{,z^^tit:f'o-yf'V^ y^'i- 
^EIS&C I Vl-C I Vntft;tT, 117 t^^§n?t'f 
yA'-^^yo ■y^'DBl-DBnS:igttl)C:fctT'# 

[0064] 4-|ll^^^$ii^cllM<50J^ffi(i-r^TO;±[-e 
«fl»TS)-?-C$iJ|®W^: i><0-rmv%i:#;t f>ill,^|i T' 

xx/mmm'<^t'<.x<^^-s.tf^^tiih ztiw^tL 

[0065] 

[ffeBJO^*] ^c7)%HSc;31-:>(7)^fflt^tJ^-o;tPLL[Il 
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1 6 

<r)mEizmtX^itL^j:\>^m2<r>^ yj-^-^mm^ts 

[0 06 6] ClcO^BScOto lo<7)lffi(Cfi!-p;tDLL 

Six. ^cotaijy- Y<7)^mMi^m*^f\^~ry ^ iv^t^ 

10 CitJi^ri^. 

[iiffi<^mm=5riJiH8] 

[HI] Cli^llBJ^OieSfiiOJBSl tJ:^DLL[llS&iO 

[02] a ii/SfiffiJt!KScO«&^-tyn 
■y^'HT'S)?.. 

[03] mi^ZTTs^fd-z'i-^-'Jifsvriii.mv-r 

[04 ] 01 \z^.^tifzmmmmm^<mm:^s 
-fzfu'j^mxhh. 

20 [05] 04 ii:^c«E©JffliaSIIIS§cO«lf^2:i5i 
BJ-tl.fcJ6(^*?e0T'S)l>, 
[06] SDRAMc7)i)-f^SrUiHfltl.?t*^<0:5''f 5> 
y^^-YX:hh. 

[07] 04 iX!tS®gco^igMcoliBg&Si-r 
yo-y:J'0T'J)S. 

[08] <7)^BjO|lificO»S 2tJ:|.PLL[IIK<0 

[09] 08 ii/^mE$iJffl)^iiSii^ffifiStSr*t 
:/D.y^'0Tj>l.. 
30 [010] t^*COD L L|l]i?&ti3ft-S.«ESl|fflia@[H] 
KcOffifi!c$:^-riIISI0T'J>l.. 

[011] 010 \.z^^^iifz%mmmm^<r)m^ 
^wmh tz»)<mjmx:h h . 

FCP {ifflJtK^, LF ;l/-r7-{;l^^'. VDL 

-CIVn :7n-y^' hM>'>'N'-^'[IIS8. PT4 3, P 
T44 V^\^-^)VViOSyyy'yX^ ^ NT43. N 
T44. NT7 1 N^A-^^yl/MOSh^yv^:?. I 
40 V4 1, IV7 1 ^ yvN'-^HlSS, DB 1 -DBn 
yvN'-:5'yD-y:J', C7 1 4f^>'N°>-:?, VI NP, 
VINN$IJffllf|#. Vcc GND ^ 
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